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DOI: 10.1039/c1an15344gIn this study, a new cation-exchange coating for stir bar sorptive extraction (SBSE) based on poly
(acrylic acid-ethylene dimethacrylate) monolithic material was synthesized. The effect of
polymerization conditions such as the ratio of functional monomer to cross-linker and the content of
porogenic solvent on the extraction efficiencies were investigated in detail. The monolithic material was
characterized by elemental analysis, scanning electron microscopy and infrared spectroscopy. In order
to evaluate the usability of the new coating for the extraction of inorganic cations, the analysis of
soluble K+, Mg2+ and Ca2+ in milk by ion chromatography with conductivity detection was selected as
a paradigm. Several extractive parameters, including pH value in sample matrix, desorption solvent,
extraction and desorption time were optimized. Under the optimum conditions, low detection limits (S/
N¼ 3) and quantification limits (S/N¼ 10) of the proposed method for the target cations were achieved
within the range of 0.12–0.28 and 0.4–0.92 mg L1, respectively. The method also showed good linearity,
simplicity, practicality and low cost for the extraction of inorganic cations. Finally, the proposed
method was successfully used to analyse three different trademarks of commercial milk samples with
satisfactory recoveries in the range of 71.1% to 102.8%.Introduction
Stir bar sorptive extraction (SBSE), similar to solid-phase micro
extraction (SPME), is a solventless sample preparation technique
based upon sorptive extraction. But the coated amount on the
stir bar is 50–250 times higher than that on a SPME fiber, which
results in a significant increase in recovery and extraction
capacity.1,2 Since the first time it was introduced by Baltussen
et al. in 1999,3 it has been developed rapidly and widely applied
to the trace enrichment of various target analytes in environ-
mental, food and biological samples, and extremely low detec-
tion limits were obtained by combining with other separation
instruments such as HPLC, GC and capillary electrophoresis
(CE).4–7
Without doubt, the extractive medium (coating) of SBSE
decides how well the extraction performance can be achieved. At
present, the SBSE coated with polydimethylsiloxane (PDMS) is
the only one kind of stir bar that is commercially available.
Because of the nonpolar character of PDMS, SBSE has been
mainly applied to extract non-polar and weakly polarState Key Laboratory of Marine Environmental Science, Environmental
Science Research Center, Xiamen University, P. O. Box 1009, Xiamen,
361005, China. E-mail: hxj@xmu.edu.cn; Fax: +086-0592-2183127; Tel:
+086-0592-2189278
† Electronic supplementary information (ESI) available. See DOI:
10.1039/c1an15344g
This journal is ª The Royal Society of Chemistry 2011compounds, and failed in the extraction of strongly polar
compounds unless they have been previously derivatized to
produce more hydrophobic species.8,9 However, derivatization
will involve more reaction steps and affect recovery, and needs
toxic derivatization reagents.8 In order to solve the above
predicament and promote the development of SBSE, a few lab-
made SBSE coatings were prepared, such as a dual-phase stir bar
which consisted of a short PDMS tube packed with different
carbons,10 coatings based on sol–gel technology,11 polyurethane
foam,12 restricted access material,13 poly(phthalazine ether
sulfone ketone),14 PDMS/b-cyclodextrin/divinylbenzene15 and
molecularly imprinted polymers.16 These new coatings display
delightful extraction results for polar compounds. In our
previous studies, a series of coatings including hydrophobic,
hydrophilic and mixed mode extractive phases based on mono-
liths for SBSE (SBSEMs) were prepared.17–27 Polycyclic aromatic
hydrocarbons,17 phenols,18,21,22,26 aromatic amines,21,23 steroid
sex hormones,19,20 sulfonamides24 and quinolone antibiotics25 in
all kinds of matrices including water, urine and milk, were
successfully extracted by these SBSEMs. The above results well
demonstrate that monoliths are fit for acting as SBSE coatings.
Up to now, SBSE has been widely and successfully used to
extract organic compounds. However, little work has been
carried out on the SBSE extraction of ionic species. We earlier
prepared poly (2-(methacryloyloxy) ethyltrimethylammonium





























































View Onlinecoating.27 The new coating showed high anionic exchange
capability and was used to extract some inorganic anions simply
and effectively. Thereby, SBSE can also be used to extract
inorganic ions as long as a suitable coating is prepared, and more
work is needed to be done to extend the application field of
SBSE.
In the present study, we pay our effort to explore the possi-
bility of using SBSE to extract inorganic cations. Solid-phase
extraction (SPE) which uses a column packed with chelate resins
is the prevalent method for extraction and pre-concentration of
metal ions.28–30 Although metal ions can be enriched effectively
by SPE, it is inconvenient for SPE because more steps are
involved in the extraction and pre-concentration. Furthermore,
more operational procedures may affect recovery and prolong
analytical time. Therefore, development of new extraction and
pre-concentration modes with simple procedures, relatively high
capacity and repeatable use will be interesting and worthy of
studying. To achieve this goal, a new cationic exchange
monolith was prepared and used as a SBSE coating (SBSE-CE).
Bruzzoniti et al. demonstrated that carboxyl groups possessed
expected cationic exchange capability.31 Hereby, acrylic acid
was selected as the monomer to copolymerize with ethylene
dimethacrylate to prepare the monolith. K+, Mg2+ and Ca2+ are
the major cations in milk samples and they are very important
as they establish the physico-chemical stability of milk and the
development of microorganisms.32 Therefore, extraction of
soluble K+, Mg2+ and Ca2+ in milk was selected as a paradigm to
evaluate the usability of SBSE-CE. The effect of the extractive
conditions on the extraction performance of SBSE-CE to the
three analytes was studied in detail. Then, a new methodology
combining stir bar sorptive extraction and liquid desorption,
followed by ion chromatography with conductivity detection
(SBSE-CE/LD-IC/CD) for the analysis of trace target analytes
in commercial milk samples was developed. The results showed
that the SBSE-CE can effectively extract and concentrate
inorganic cations.Experimental
Chemicals
Acrylic acid (AA) (99.5%), ethylene dimethacrylate (EDMA)
(97%), 3-(trimethoxysilyl) propyl methacrylate (g-MAPS) (95%)
and methanesulfonic acid (MSA) (98%) were supplied by Alfa
Aesar (Tianjin, China); azobisisobutyronitrile (AIBN) (97%,
recrystallized before use); 1-propanol (97%), 1,4-butanediol
(98%) (distilled before use) and magnesium sulfate (99%) were
purchased from Shanghai Chemical Co. (China); potassium
chloride (96%) and calcium chloride (98%) were supplied by
Shantou Xilong Chemical Co. (China). Water used throughout
the study was purified using a Milli-Q water purification system
(Millipore, USA). The other compounds used in the present
study are analytical reagents.
A standard solution of 10 mg mL1 of each cation was prepared
in Milli-Q water and renewed monthly. The standard mixtures of
three analytes were prepared by dissolving 10.0 g of each
compound in Milli-Q water in a 100 mL volumetric flask. The
stock solution was stored at 4 C and diluted with Milli-Q water
to give the required concentration.4290 | Analyst, 2011, 136, 4289–4294Equipments and materials
Ion chromatography (IC) analyses were carried out on a DIO-
NEX ICS-2500 IC instrument equipped with GP50 gradient
pump, ED40 electrochemical detector operated in the conduc-
tivity mode and P/N9750E-029 manual injector. All experiments
were performed at room temperature.
The morphologies of the monolithic materials were examined
by a Model XL30 scanning electron microscopy (SEM) instru-
ment (Philips, Eindhoven, The Netherlands). Elemental analysis
(EA) was carried out on a PerkinElmer (Shelton, CT, USA)
Model PE 2400. FT-IR was performed on an Avatar-360 FT-IR
instrument (Thermo Nicolet, Madison, WI, USA).
Chromatographic conditions
The separation of K+, Mg2+ and Ca2+ was performed on an
IonPac CS12A (250 mm  4.0 mm i.d.), and the eluent gradient
was used to separate analytes. MSA solution (80 mM) and water
were used as the mobile phase A and B, respectively. The
composition gradient started with 22.5%A and 77.5% B and kept
until 8.0 min, then increased to 25% A from 8.0 to 10.0 min, held
until 18.0 min, then the content of A decreased to 22.5% B from
18.0 to 20.0 min and was held until the end of analysis. Alter-
natively, acidified histidine can also be used as eluent in IC of
alkali ions according to Hajos’s study.33,34 Eluent suppression
was provided by a DZS-4C operated in the recycle mode under
a 200 mA current. The flow rate was 1.0 mL min1 and the
injection volume was 50 mL.
Preparation of SBSE-CE
Before the polymerization, some pretreatment procedures for the
glass stir bar should be taken in order to facilitate the subsequent
reaction. The procedure of preparation of the glass bar,
pretreatment and chemical modifications of the glass bar was
described previously.17–19 AIBN was used as polymerization
initiator (1% (w/w) of the total monomer amount) in the all
polymerization reactions. Different monomers and porogen
concentrations were used to prepare different polymers (Table 1).
The monomer mixtures and porogen (60% (w/w) 1-propanol and
40% (w/w) 1,4-butanediol) were mixed ultrasonically into
a homogenous solution then the reactant solution was purged
with nitrogen for 3 min. Subsequently, the reactant mixture was
poured into a glass tube with definite diameter (3 mm i.d.). The
stir bar that had been pretreated was vertically immersed into the
reactant mixture. The tube was sealed with septa and kept at 60
C for 24 h. After the polymerization, the glass tube was carefully
cut off with grindstone. A firm and integrated monolith could be
obtained. The monolithic material on the bar was dipped in
methanol/water (10/90, v/v) for 48 h to remove the residue
monomer, porogen, uncross-linked polymer and initiator.
Finally, the stir bar was dried in air for 1 h to obtain the final
SBSE-CE (30 mm length and 1.0 mmmonolith thickness). Before
use, the bar was rinsed with 100 mM HNO3 and then with
a plenty of water for at least 24 h. The SBSE-CE can be regen-
erated with 100 mMHNO3. The bar should be stored in 100 mM
HNO3 after use. Generally, the SBSE-CE can be used at least 60
times. The polymerization equation can be found in Fig. 1 and
the schematic diagram is listed in the ESI (Fig. S1†).This journal is ª The Royal Society of Chemistry 2011
Table 1 Extraction efficiency of different SBSE-CE for K+ and Ca2+a
SBSE-CE
Monomer mixture Polymerization mixture Peak area (mSmin)
AA(%, v/v) EDMA(%, v/v) Monomer mixture (%, v/v) Porogen solvent (%, v/v) K+ Ca2+
1 35 65 50 50 0.172 0.206
2 40 60 50 50 0.208 0.247
3 45 55 50 50 0.191 0.188
4 50 50 50 50 0.266 0.186
5 55 45 50 50 0.292 0.207
6 60 40 50 50 0.371 0.221
7 65 35 50 50 0.312 0.211
8 70 30 50 50 0.451 0.226
9 60 40 40 60 0.302 0.255
10 60 40 45 55 0.342 0.221
11 60 40 55 45 0.225 0.182
12 60 40 60 40 0.229 0.214
13 60 40 65 35 0.220 0.289
a Note: the matrix of K+ and Ca2+ was water.





























































View OnlinePreparation of milk samples
In conventional methods, acid was needed in order to remove the
proteins and fats in milk.28,29,32 But in the present study, a very
simple and effective sample preparation procedure was devel-
oped, which required no complex extraction and cleanup
procedures, and demanded no large volumes of sample and
solvent.
The detailed preparation procedure is as following: three
cations were directly spiked into 1.0 mL milk samples. Ten
minutes were allowed for equilibration at room temperature,
after being mixed with a vortex mixer. Then the samples were
diluted by Milli-Q water with the ratio of 1 : 50000, and the
spiked concentration for analytes was over the range of 1–200 mg
L1. The SBSE-VIDB was directly put into 100 mL of the above
solution and stirred at 300 rpm at room temperature for a certain
time. After finishing the extraction procedure, the SBSE-CE was
removed and immersed in 3.0 mLHNO3 solution, and stirred for
a certain time to release the extracted analytes. Then the stir bar
was removed by means of a magnetic rod, while the stripping
solvent was evaporated to dryness under a gentle stream of
nitrogen. The dried residue was redissolved in 0.6 mL water for
IC/CD analysis.Results and discussion
Preparation and characterization of SBSE-CE
Based on our previous research,17–19 it is know that when
monoliths are used as the coating of SBSE, the contents of
monomer and porogen affect the extraction performance
strongly. In order to obtain the best extractive performance ofThis journal is ª The Royal Society of Chemistry 2011SBSE-CE, a series of SBSE-CEs were prepared with different
ratios of monomer and porogen. K+ and Ca2+ were selected as the
detected solutes. From the data in Table 1, it can be seen that
when the proportion of AA was kept at 70% in the monomer
mixture, the ratio of monomer mixture to porogen was 50–50%
(w/w) (Bar 8), and the SBSE-CE showed the highest extraction
performance for solutes. However, when a low percentage of
cross-linker (EDMA) was used, the bar was very soft and could
be used only a few times. Therefore, considering the extraction
performance and useful longevity, the optimized conditions for
the preparation of poly (AA-EDMA) were to keep the propor-
tion of AA at 60% in the monomer mixture, while the ratio of
monomer mixture to porogen was 50–50% (w/w) (Table 1, Bar
6). The ion exchange capacity of Bar 6 was detected by CuSO4
(the detailed procedure can be found in the ESI†), and the value
was found 38.9 mmol g1 (RSD% ¼ 2.1, n ¼ 3). The acceptable
capacity indicates that the SBSE-CE possesses expected ion-
exchange ability. Under the optimized preparation conditions,
the SBSE-CE exhibited good longevity and it can be reused at
least 60 times, the RSD of peak areas (detected at No.1, 10, 20,
30, 50 and 60 times) for K+ and Ca2+ were 2.36% and 1.22%,
respectively. At the same time, the SBSE-CE showed good bar to
bar reproducibility of preparation. The RSD (n ¼ 3) of enrich-
ment factors for K+ and Ca2+ were 3.28% and 6.83%, respectively
Elemental analysis, IR and SEM were used to characterize the
monolithic coating. The EA of the monolith demonstrated that
its carbon content was 52.1% (w/w) and hydrogen content was
5.76% (w/w), indicating that AA and EDMA were successfully
incorporated into the monolith during the polymerization
process. By theoretical calculation from the reactant ratio, the
carbon content should be around 54.9% (w/w) and the hydrogen
content should be around 6.09% (w/w) in the final product.
Obviously, some of the EDMA did not take part in the poly-
merization process. FT-IR measurement of the final monolithic
structure further confirmed the polymerization of AA and
EDMA (Fig. S2†). The spectrum showed a strong peak at
around 2976 cm1, which could be attributed to the CH3 and
CH2 groups. Strong adsorption in the 1731 cm
1 region was the
particular adsorption band for carboxyl groups. Fig. S3† shows
the SEM image of the poly (AA-EDMA) monolith at 100,000Analyst, 2011, 136, 4289–4294 | 4291
Fig. 3 The effect of pH value of sample matrix on extraction efficiency.
Conditions: extraction and desorption time were both 2.0 h; no salt was
added; 100 mM HNO3 as the desorption solvent. The spiked concen-
tration of each analyte was 50 mg L1, and the sample pH values were





























































View Onlinemagnification. It could be seen that the pore size and micro-
globules of the monolithic material are very even. The existence
of even pore size distribution ensures that the new monolith
possesses good permeability and favorable mass transfer in
extraction applications.
Optimization of SBSE-CE for inorganic cations
The objective of the present study is the preparation of a new
cationic exchange coating for SBSE. The carboxyl groups in the
monolith possess H+ which exhibits a strongly cationic exchange
interaction. In order to investigate the extractive ability of SBSE-
CE for inorganic cations, the SBSE-CE was applied to extract
soluble K+, Mg2+ and Ca2+ in milk samples. Several main
parameters including extraction and desorption time, pH value
in matrix and desorption solvent were studied in detail for
optimizing the extraction conditions.
The effect of extraction and desorption time
Fig. 2 shows the effect of extraction time on the extraction
performances for cations. The extraction time varied from 0.5 h
to 3 h. The results indicated that the extraction performance
quickly increased when the extraction time increased from 0.5 to
2.0 h and there was no obvious change afterwards. The sharp
slopes of the profiles between 0.5 and 2.0 h indicated that the
monolithic material showed the expected exchange capacity
towards cations. The effect of liquid desorption time was also
studied varying the time from 0.5 to 3.0 h. It was found that 2.0 h
were needed for desorption of target ions from SBSE-CE when
the extraction time was 2.0 h (Fig. S4†). Consequently, 2.0 h was
adopted both for the extraction and desorption procedure, in the
following research.
The effect of pH value
The effect of sample pH on the extraction efficiency was inves-
tigated in the range from 3.0 to 9.0. As shown in Fig. 3, when the
other conditions were constant, the pH value strongly influencedFig. 2 The effect of extraction time on extraction efficiency. Conditions:
desorption time was 1.0 h; no salt was added and the pH value in the
matrix was not changed; 100 mM HNO3 as the desorption solvent. The
spiked concentration of each analyte was 50 mg L1.
4292 | Analyst, 2011, 136, 4289–4294the extraction efficiency of SBSE-CE for inorganic cations. The
extraction efficiencies improved with the increase of pH values
and reached the maximum then decreased when the pH values
increased continuously. This changed trend could be explained as
follows: the activeness of carboxyl groups were restrained at low
pH value; more and more carboxyl groups dissociated with the
increase of sample pH value, therefore the cationic exchange
interaction between the coating and the analytes became stronger
and led to the improvement of extractive efficiencies. But the
metal ions would form hydroxide precipitates for Mg2+ and Ca2+
when the pH value increased continuously, so the extraction
efficiencies decreased for Mg2+ and Ca2+ at high pH value. At the
same time, some K+ ions were embedded in the formation of
hydroxide precipitates which lead to the decrease of extractionFig. 4 The effect of the concentration of HNO3 on the extraction effi-
ciency. Conditions: extraction and desorption time were both 2.0 h; no
salt was added; the pH value of sample matrix was adjusted to 7.5. The
spiked concentration of each analyte was 50 mg L1.
This journal is ª The Royal Society of Chemistry 2011
Table 2 Linear characteristics and inter-assay precisions achieved for the inorganic cations by SBSE-CE
Inorganic cations Linear rangea
Regression line
LODb(mg L1) LOQc(mg L1)
Inter-assayd variability
(RSD%, n ¼ 4)Slope Intercept R2
K+ 1.0–150.0 0.0864 0.2914 0.9962 0.12 0.40 3.49
Mg2+ 1.0–200.0 0.1399 0.0767 0.9977 0.15 0.48 2.09
Ca2+ 1.0–200.0 0.0850 0.6238 0.9965 0.28 0.92 8.07
a Spiked level includes 1.0, 5.0, 10.0, 20.0, 50.0, 100.0, 150.0 and 200.0 mg L1 (after dilution), respectively. b S/N¼ 3. c S/N¼ 10. d Assays at 100 mg L1
level.
Fig. 5 IC chromatograms of commercial milk samples; (a) diluted by
Milli-Q water with the ratio of 1 : 50000, then directly injected without
treatment with SBSE-CE; (b) treated with SBSE-CE. The conditions were





























































View Onlineperformance for K+ at high pH value. The optimum pH value for
K+ was pH 7.5, and 7.0 for Mg2+ and Ca2+. The difference of
extraction performance for K+ between pH 7.0 and 7.5 was not
significant. Therefore, setting the pH value of the matrix at 7.0
was used in the following research.The effect of desorption solvent
Due to cation-exchange contributing to the extraction of cations
on SBSE-CE, HNO3 solution was selected as the desorption
solvent. Different concentrations of HNO3 solution were used to
desorb the analytes from the monolith and the results are shown
in Fig. 4. The results indicated that 60 mMHNO3 was enough to
desorb target analytes from the coating. Therefore, 60 mMTable 3 Results of determination and recoveries of three commercial milk s
Commercial milk samples Spiked (g L1)
Detected (g L1)
K+ Mg2+
Sample 1 0 2.01 0.14
0.5 2.49 0.64
5 6.13 5.22
Sample 2 0 1.40 0.15
0.5 1.91 0.66
5 6.52 5.15
Sample 3 0 1.39 0.093
0.5 1.71 0.59
5 6.30 5.06
This journal is ª The Royal Society of Chemistry 2011HNO3 was selected as the desorption solvent in the following
experiments.Validation of the SBSE-CE/LD-IC/CD method
Milks spiked with three target anions were diluted byMilli-Q and
taken for analysis to evaluate the developed method under the
above optimized conditions. Table 2 shows the data of linear
dynamic range, coefficients of estimation (R2), the limit of
detection (LOD), limit of quantitative detection (LOQ) and
reproducibility for the inorganic anions. It can be seen from
Fig. S5† that the peak heights of the three ions increase obviously
after enrichment. As listed in Table 2, the linear dynamic range of
a 100 mL sample was 1.0–150 mg L1 for K+, and 1.0–200 mg L1
for Mg2+ and Ca2+ with good linearity (R2 > 0.99). The LOD and
LOQ were determined at a concentration at which signal-to-
noise ratios were equal to 3 and 10, respectively, and those were
in the range of 0.12–0.28 and 0.4–0.92 mg L1 (after dilution),
respectively. The LOD and LOQ values were far less than those
of the previous study, in which the corresponding values were
between 60–570 mg L1 and 160–620 mg L1.35 The precision of
the proposed method was evaluated using inter-assay repeat-
ability calculated as RSD on four replicates, and the RSDs were
found between 2.09% and 8.07%, respectively.Analysis of commercial milk samples
Three different trademarks of commercial milks were analyzed
by the proposed methodology. K+, Mg2+ and Ca2+ were detected
in all samples (Fig. 5 and Table 3). In order to investigate the
usability of the present method, 1.0 mL of real milk samples
spiked with 0.5 and 5.0 g L1 of each analyte were extracted by
the overall SBSE-CE procedure mentioned above. Acceptableamples spiked with three inorganic cations
Recovery (%) (RSD%, n ¼ 3)
Ca2+ K+ Mg2+ Ca2+
0.96
1.46 96.0 (5.53) 99.5 (2.43) 99.3 (8.55)
5.95 82.4 (6.79) 101.5 (6.17) 99.8 (3.52)
1.17
1.51 101.5 (9.31) 102.8 (3.74) 81.8 (9.05)
5.93 102.4 (6.35) 99.9 (5.27) 95.2 (5.99)
0.73
1.16 71.1 (3.14) 99.0 (3.47) 85.6 (5.56)
5.58 98.3 (2.17) 99.5 (0.52) 97.1 (6.55)





























































View Onlinerecoveries were obtained, the recoveries varied from 71.1% to
102.8% and RSDs for repeatability were less than 10% for the
target analytes in all the milk samples (Table 3), demonstrating
good method feasibility.
Conclusions
In this work, a novel enrichment method of inorganic cations has
been developed using SBSE with poly(acrylic acid-ethylene
dimethacrylate) monolithic material as the extractive phase. The
new SBSE shows high cation-exchange capacity and can effec-
tively enrich trace concentrations of inorganic cations. The
combination of SBSE-CE/LD-IC/CD was successfully applied to
the determination of soluble K+, Mg2+ and Ca2+ in commercial
milk samples. In comparison with the existing extraction
methods for the determination of cations in milk, the proposed
method was simple and sensitive. Therefore, we hope that the
present work could become a practical and useful method in
inorganic cations analysis, and at the same time, expand the
application field of SBSE from the extraction of organic
compounds to inorganic cations.
Acknowledgements
The project was supported by National Nature Science Foun-
dation of China (grant: 21077085), Nature Science Foundation
of Fujian Province of China (NO.2010J01047).
References
1 A. Prieto, O. Basauri, R. Rodil, A. Usobiaga, L. A. Fernandez,
N. Etxebarria and O. Zuloaga, J. Chromatogr., A, 2010, 1217,
2642.
2 F. David and P. Sandra, J. Chromatogr., A, 2007, 1152, 52.
3 E. Baltussen, P. Sandra, F. David and C. Cramers, J. Microcolumn
Sep., 1999, 11, 737.
4 S. Nakamura and S. Daishima, Anal. Bioanal. Chem., 2005, 382, 99.
5 C. Huertas, J. Morillo, J. Usero and I. Gracia-Manarillo, Talanta,
2007, 72, 1149.
6 A. Stopforth, A. Tredoux, A. Crouch, P. Van Helden and P. Sandra,
J. Chromatogr., A, 2005, 1071, 135.4294 | Analyst, 2011, 136, 4289–42947 E. D. Guerrero, R. N. Marin, R. C. Mejias and C. G. Barroso, J.
Chromatogr., A, 2006, 1104, 47.
8 L. Montero, S. Conradi, H. Weiss and P. Popp, J. Chromatogr., A,
2005, 1071, 163.
9 D. Juan, D. Cristina, A. G. Dominico, V. Rafael and G. B. Carmelo,
J. Chromatogr. A, 2005, 1025, 263.
10 C. Bicchi, C. Cordero, E. Liberto, P. Rubiolo, B. Sgorbini, F. David
and P. Sandra, J. Chromatogr., A, 2005, 1094, 9.
11 W. Liu, H. Wang and Y. Guan, J. Chromatogr., A, 2004, 1045, 15.
12 N. R. Neng, M. L. Pinto, J. Pires, P. M. Marcos and
J. M. F. Nogueira, J. Chromatogr., A, 2007, 1171, 8.
13 J. P. Lambert, W. M. Mullett, E. Kwong and D. Lubda, J.
Chromatogr., A, 2005, 1075, 43.
14 W. N. Guan, F. Xu, W. M. Liu, J. H. Zhao and Y. F. Guan, J.
Chromatogr., A, 2007, 1147, 59.
15 C. H. Yu, Z. M. Yao and B. Hu, Anal. Chim. Acta, 2009, 641, 75.
16 Y. L. Hu, J. W. Li, Y. F. Hu and G. K. Li, Talanta, 2010, 81, 464.
17 X. J. Huang and D. X. Yuan, J. Chromatogr., A, 2007, 1154, 152.
18 X. J. Huang and D. X. Yuan, J. Chromatogr., A, 2008, 1194, 134.
19 X. J. Huang, D. X. Yuan and B. L. Huang, Talanta, 2008, 75, 172.
20 X. J. Huang, J. B. Lin, D. X. Yuan and R. Z. Hu, J. Chromatogr., A,
2009, 1216, 3508.
21 X. J. Huang, N. N. Qiu, D. X. Yuan and B. L. Huang, Talanta, 2009,
78, 101.
22 X. J. Huang, N. N. Qiu and D. X. Yuan, J. Sep. Sci., 2009, 32, 1407.
23 X. J. Huang, N. N. Qiu and D. X. Yuan, J. Chromatogr., A, 2009,
1216, 4354.
24 X. J. Huang, N. N. Qiu and D. X. Yuan, J. Chromatogr., A, 2009,
1216, 8240.
25 X. J. Huang, N. N. Qiu, D. X. Yuan and Q. M. Lin, J. Chromatogr.,
A, 2010, 1217, 2667.
26 F. H. Lin, N. N. Qiu, X. J. Huang and D. X. Yuan, Chin. J. Anal.
Chem., 2010, 38(1), 67.
27 X. J. Huang, J. B. Lin and D. X. Yuan, J. Chromatogr., A, 2010, 1217,
4898.
28 A. Islam, M. A. Laskar and A. Ahmad, Talanta, 2010, 81, 1772.
29 M. A. H. Hafez, I. M. M. Kenawy, M. A. Akl and R. R. Lashein,
Talanta, 2001, 53, 749.
30 G. Venkatesh, A. K. Jain and A. K. Singh, Microchim. Acta, 2005,
149, 213.
31 M. C. Bruzzoniti, R. M. De Carlo, S. Fiorilli, B. Onida and
C. Sarzanini, J. Chromatogr., A, 2009, 1216, 5540.
32 H. D. Belitz, W. Grosch, Food chemistry. Berlin, Heidelberg,
Germany: Springer; 1999.
33 P. Hajos, J. Chromatogr., A, 1997, 789, 141.
34 P. Hajos and E. Szikszay, J. Chromatogr., A, 2001, 920, 23.
35 S. Suarez-Luque, I. Mato, J. F. Huidobro and J. Simal-Lozano, Int.
Dairy J., 2007, 17, 896.This journal is ª The Royal Society of Chemistry 2011
